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Deformation of sandwich beams with sphe ical pore Al
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ABSTRACT The uniform axis compression capability of spherical pore Al alloy foam was studied
and the relationship between compression strength and relative density was acquired. A comparison
was made among the spherical pore Al alloy foam, polygonal pore Al alloy foam and Al foam. It is
concluded that the spherical pore Al alloy foam has more good mechanics property than others two
spherical pore. The load-deflection curve of sandwich beams with spherical pore Al alloy foam core
loaded in three—point bending and the four kinds of failure mode were mvestlgated and the failure map
of sandwich beams was founded. The calculated values with peak load formulae coincide well with the
experimental ones. It is concluded that the sandwich beams with core of spherical pore Al alloy foam
is excellent for more good mechanics property.

KEY WORDS metallic materials, spherical pore Al alloy foam, foamed Al alloy, sandwich beams,
three—point bending
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M, WRE S E A TR RS, SR, BAMRE T USRI R FHFLA,
TERT4ETL. TS B (AR T HE, LR, MU Z R R RTSR, BTk & B SEABT 5
BRI AR (02, BUBRA2E, Mk, MIT SEX—FUsBr sttt A £ B, S
H ASHF S B HIREESE b, B T S8t & FHIRE SR 5 PO, M freeny
TR EFR T HKAEES RO =SB AR 1, BARE, BHRSDELRKESSE B0
RESHIERR R 1. ENERRENER, XHH TRBLRREEE 12 £
TERTIA T VRdy Rt b, BRUsRBILIRE & &= IR = AT M.

1 X8 F &

TR O SO A K R E R, RIEENIR E AR BATHRE, UREBREA
IR A4 1213, '

BRIBFLMKE &&= G R TS AOE R A LY12 E&8 84, HEREE oy K 270 MPa,
B Er N 69 GPa, B8 p O 2.78 g/cmd, JEBEH 0.5, 1, 1.5, 2, 3 1 4 mm 3. KLk
HEEEmATER—e R-T=REAEH, R-OEEX 0.1 mm.

TEUE ST R BRIE I RE &€, KUERFER T, R-PE#HE] 0.1 mm, FIE=E
SRR RSB RTRES HOR F E E VES T TR AT I, T A A R EE LAk
FEF R RS B, DAIRBORSEVERE, 75— I TR

RIEFLEKE S SRR EE R b, TSEEN ¢, BIEN L, BHEEN t, SMEERRN
H. B3 LR S TR MES, B b=c, H/L=0.1. RIFLREREIAERRESN /L K t/L,
BT R B |, B b REARVREE ¢, AR RTEIRZ B BRI ADMTEAT
¥R, BigEeE RTRE 1
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Table 1 Sizes and average density of sandwich beams with spherical pore Al alloy foam

. . ‘ Average Calculated peak Experimental peak Error between

No. /mm Jmm /mm density loads and failure load sand failure calculated and

/g-cm™3 modes/kN modes/kN experimental/%
1 25 90 2 1.09 12.65In 12.77In 0.9
2 15 120 4 1.48 9.81Cyb 10.23Cyb 4.3
3 25 100 4 1.29 21.22In 22.58In 6.4
4 25 100 3 1.20 ' 16.93In 17.85In 5.4
5 12 80 4 1.58 7.17Cya 8.36Cya 16.6
6 15 80 3 1.37 9.47Cyb 9.98Cyb 5.4
7 20 80 5 1.46 19.70Cya 21.32Cya 8.2
8 15 120 3 1.37 7.29Fyl 8.39Fyl 15.1
9 11 80 3 1.49 5.45Cyb 6.12Cyb 12.3
10 18 96 4 1.41 14.26Cyb 15.37Cyb 7.8
11 25 120 3 1.20 16.93In 17.88In 5.6
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# 2 mm/min, FFEHREE ML B, L6 HEA (P-N) - % (6-mm) #ZR, BT
BRI A RIBEA LRI, SRS REDBARKESEZIERIET Wik AR
WR=ERABHARK 2R, UER=INAROBORESR. e MmN g% Y85 L2
B -6 MAMA =22 —4b, BERBRAEHEF MR, BEEEN 1.5 mm/min. T HIELR
HYRTE R, A SO MR B RR AT 5 5%

2 HRES5®

2.1 HEILAXEEEMHERILE

BRI ALIREE S TR d=0.5~1.5 mm, LR KB, FLIFHAH 57, FLBRE (70£1)%,
HHE p=0.84 g/em®, MMEE p/p*=0.3, K p HEKBFAEHEESWEE, o HEKEM
BEENEE. WRES SR FIERE (NBERRE) AN EERNFHREL AR 0420, 7
PR BE N

o= Ao x [0 % (£)F +03x (£))] 1)

Hit A NREEEHRERY oo HEEB S SWEIGRE, BUEN 270 MPa. X F AR
FERHIREEE, BBARIKESEH A 400 0.585.

BREAMIRE S S5 ZNEALMIRE G EMRAB R BRI T#R 2 (RPEXLHE
FLID IR & A0 B FLBR AR IR S48 A A S B 43 B 1 3Kk [7,11], FIR)), LB P.=100x
(1 =p/p") ().

®2 ZFMEK AL RIK Al 2R
Table 2 Comparison of properties of three kinds of Al foam and Al alloy foam

Kind of d P Compression Shear Elastics Shear

Pore structure 3 strength strength modules modules
foam /mm /%  /gem”
/MPa /MPa /GPa /GPa

Spherical pore
Al alloy foam  Spherical pore 0.5~1.5 70+1 0.84 27 17 3.2 1.20
Polygonal pore
Al alloy foam  Polygonal pore 2~4 90+1 0.28 8 5 1.2 0.45

Al foam Polygonal pore 2~5 85+1 0.41 2.5 1.6 1.0 0.35

M 1 AR, WRIEKRESSMASHS B ABREMZHE. B 2 RY, A REMHN
HEHEPN (p/p*=0.3~0.35, B=65%~T70%), BIEFL MK &SRB IRGEBETUAR 1) RiFH
/R

HEBHAMKEE SMMIRAE R, BB KRG A SRR 518 I T — 570
FifE, A F AR RIS, RBALEKRE S SN TERE M RERL OB LMKES
&EHy 3.4 1%, BULIRLAEEM 10.8 £F (R 2).

2.2 HRILAXRESLSHAR= AN P thsk
RS A& =G RIME P-o METHH=AHE (F 3):
(1) &HER BF 1 K. EZR B RR AR MIET AR, AREEH TR
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Fig.1 The two pore structure of Al alloy foam HIRR
Fig.2 Relationship between compression
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(a) polygonal pore Al alloy foam; (b)

spherical pore Al alloy foam strength and relative density of Al

alloy foam with spherical pore
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Fig.3 P — § curve of sandwich beams with
spherical pore Al alloy foam

4 MRRSH=EF=HIERE P-0 &
Fig.4 P-6 curve of three kinds of sandwich

beams with same size
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AR E (P/6) WitHERIE K, TTRER
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Fig.5 Comparison of stiffness between exper-

imental and calculated values
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Table 3 Comparison of unloaded stiffness of sandwich beams with spherical pore Al alloy foam

core and other two kind of beams

Calculated unload stiffness Experimental unload stiffness Error
/N-mm~—1 /N-mm~! /%
Sandwich beams with
spherical pore Al alloy 21638 22658 4.7
foam core
Sandwich beams with
polygonal pore Al alloy 9826 10696 8.9
foam core
Sandwich beams with Al
foam core 7864 7847 -0.2
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# 3 B THARTHRBEARKE S SR, ZHRARKREESE=IRRMEK
Z4R = BTG R ENER NI B Y AL

B TERELRIKES SN IRE L 2B IRKRE & SMEKRAERBRE (8 2), HF
LRSS =IARMRIEARARR. h% 3R, MRARTWEHELRKEEGE=HIGR
B ELEN R B A SRR EERRIEE, A BRI FLIIRE S S=IIE3RIY 0.454 £571 0.493 £ Bl
BRI PR A4E = BTG A0 T SR I BE A SERR RN B R BB AL RSB B & = HIIA R 0.363 1.
2.4 HELAXBELS=HIGRIVENIE

—fR A HRIBE EY2/p RG-S REH TR . Hb B Al asls, o seE
B MRS A &= IR RS R0E th s &
_ (ET)eq . 6E¢tc?
=TT T er2p

R p HEIIGRMTHEE. AL BRIBILIRE S & =GR (I t/L=0.025, ¢/L=0.22, Xt T
LML IRE S SR IRAEI p/p*=0.15, X T EREFLIIKE S EB p/p*=0.3) Ky Z il LK)
B EV2/p 8K, SHEAEIRE p #1 EV2/p B HAEFI T3 3[HRIE RN (GPa)'/2 (kg/m?) 7,
FEE AL kg/m3). '

% 4 T, SHEESMRE R, BEILRIKE S E& =018 R EARE R i LR A
BRMEE (SKMRERER); 52ORLRKESE=MARMEE, LR ERERS, 5K
HiER = BVRIRAT LW Z A K.

F® 4 WBILRKESESVIRRSHEADRRAY LR B B B

Table 4 Comparison of specific stiffness and density between spherical pore Al alloy foam sand-

E (5)

wich beam and other materials

Sandwich beams with Sandwich beams with Sandwich beams

Al and
spherical pore Al alloy polygonal pore Al alloy with Al foam all Steel
oy
foa.m core foam core core
EY%/p
28.7x1073 26.3x103 29.2x10~3  3.07x10~3 1.81x1073
/(GPa)!/2.(kg/m3)~!
p/kgm~3 1.18x10°3 0.73x108 0.72x103 2.7x10%  7.8x10°

2.5 BRMILAKEEE=HAR= SEDRFHRE
SINGRHBSFEREESURR. JOEH A, JGERIY B, MRFILMBIIMEIA. EfE
T FBR St B AT R S AR B S, S BRRM B R EE SR X B A SRR
B ARMERM EB T HRERE (% 5). RIERIRBERE T LM AR AT RE R B
A% 5 PERRFRIIER R R REFATS, WL E— ML K 4 FBIIRARR A

£5 EHEAMRRBRBRAHELIX

Table 5 Formulae of peak load of different failure modes

Face-yield Core-shear A Core-shear B Indentation

o.

b 2 2
P = 4200 g = 25 gberyo(1+ 2L)  Piop = %oy + 2berye Py = 2bt,/Gyc0yt + aboye
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&, TTARE 6 MR BIRREFER ST ARMRRY S, BREBFEATHHBHH R/
&, FBILF 2 6 ZMARTEREES. B TR B ARABIRKAN BT, 6 RMKAR =
REBIBERE (B 6, 7). ARSI ¢/L M o/ L ZEBIHKE F AT R SHE T AR BR
B, T 28 L i ST DAREAIL ™ AR AR A A X B AR B — PR AR .

& 6 LR BLRAFIRRILIRE N 85% WE N MKE S E=IARAEIRAE =/
TG RABIEAE; B 7 R B RIR A N TLBRE N 70% F 75% HEIEALEKRES &=
A6 R BB .

o30r; 030

lndentotic:[\’{/ \
L} II
020 g 020f Y ~—/Spherial pore
\ ' /" /AL alloy foam
2 \ Pot l = " Face yield| P.=75%
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010 Face yied|/ Al alloy p=gsey, 010 i 4 alloy foam R=70%
i /| 4
b Core-shear A / Core-shear A
0 l.’ 1 1 1 0 ’: 1 1
(0] (oYo)] 002 0.03 004 0 0.02 0.04 0.06 0.08
t/L t/7L
BE6 MKRMEMENEILWKBSEZME 7 HEAMKESE=HIEREIERE
BRI E Fig.7 Failure map of Al alloy foam sandwich
Fig.6 Failure map of sandwich beams with beams with spherical pore

core of Al foam and Al alloy foam of

polygonal pore

BILEH, SFEIMERE S H 4 R, £ XK N EARBER (Face-yield fi#k Fyl);
FHE X RMEBIR (Indentation f#R In); A5 F KA FAZ L BYY] A(Core—shear A fij#F Cya);
wB] X IR F A% L BY Y] B(Core-shear B fij#F Cyb). HERE 6 FE 7 FrRey S miRbEHH
JRIRIREE 0y¢=270 MPa, RAgSMiK BEFIREE S W H/L=0.1, KL REMPEZ W a/L=0.1. Xt
FARRBFRME, SR ERRE oy MPPEIEBTIEE 7. 5 F3R 2.

A= BIIE SRR by B A K B T A T Y BE B /N S BB AT BL LB LY, PR R BEAE 2L+
f&. HAHERFEERZISRHTEER, M OCEER EFEERZBRMY . ERMBREE
HRERBENEWZER, L OB FEERZWBIR. IR M OB BRI B 258
KRB RS, 5EHBAIEKESSMIRIRAE LE, REARKESERAETN %
YERE, RESHREHFMIPRRD. & FERBIAER T 8 =R 551 B8 B B B 49 7 F AR i
HERE, TR AN =AW, HE 6 FE 7 71, MP0RHE S22 R AT, BRI
BikmA LB, mARBIR XEE Fyl REHBY K. AR, REABKESEHTAH
ERFEIABREZ LIRS S & X FLREBIR RSN 128, R BIRe X8 Fyl
X BRF LA MRKESE=HIRRMEKRAE =GR N XS, BmMEEFH=
iRy v o
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2.6 HILEKESSSIERS AEHOWA R R

ISR, HCA RFHER A, BB T o/ A0 ¢/ RABE ALK BN ey R
BT AR REAY R 1L S b, TAURIE ¢ LA, BRSO IR & =
SERARE R LA 1 2305 s R s AR HE R T S8R, R s
BT SRR BT BB KRS T B BRI SC 0 B T AR LA B

£ 1 P EHRRETIAHI R AR TR A &, LB P=(1041)%, FHTLE d=0.5~
15 mm. HHEBRMR S KRR S B BB EREETHAE, THRESY
BON(FE 1). BIEBLAEAT TR WS Bhy BRI TR RS ILMRR & &R ETL
IR B XA A TR, SRBTLIOTRIR A 00 1 2 LR B UeE THIM B, R0
B TR 51 SR FLNOVRE 2 2 P B BRI, 48T RE BRI RS TR

3 % @

HBINKRIEA & (P=T0%) FARIMEIE (=084 g/on®), AL ZHBANKEA S
AIIREUEK T BIER— (i TTHUESRBEAISUBTIRAE A B 100 3.4 570 108 5.

BBALIIRES A & IR BN ERAIE (P/0)., WAL (B/2/p) SHALRVIAR
s AL AEATRRAR b, ARG i R BERTB IR A0 B SRR I R =00
SRR, KRIERARK. FUABRRMAREL T BAMAR, SRR A R 5%
ARG S AV TRSESEAT b, BRI 7 ErB 3h, TORBES LR B 5.
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